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设计新型 III 族氮化物应变量子结构；采用原子尺度可控的 MOVPE 等技术，共格
生长了所设计的新型超薄应变量子结构，实现所需的功能要求，主要工作如下： 
提出采用超薄应变 GaN/AlN 超晶格界面态实现带边光各向同性的光学改性方






向同性。通过结构设计，并采用 MOVPE、AlN 缓冲层、AlN 模板、脉冲原子层外
延、以及中断生长技术，制备了不同厚度的 GaN/AlN 超晶格。测量和分析入射光
布儒斯特角两侧各样品椭圆偏振光的 Is 和 Ic 谱证实，带边吸收和能带排序反转的
理论预测。进一步根据所设计的超晶格结构建立模型，并采用 Tanguy 光色散关系
拟合光谱，获得相关的结构参数、带隙、介电函数谱 2 等数据，直观显示超薄
GaN/AlN 超晶格量子结构的 2 与
//
2 光学各向同性，其中较大的应变导致阱层带隙
基本接近 AlN 垒层，具有天然富 Al 组分 AlGaN 无可比拟的带隙可调与带边光各
向同性优势，可成为理想的深紫外富 Al 组分 AlGaN 替代结构材料。 
提出超薄应变 InN/GaN 量子阱结构，借助应力从很大程度上克服了作为有源

















子能级分布。采用 MOVPE 技术，依据设计的结构，摸索并掌握了 InN/GaN 应变





应变可调控的 InN/GaN 量子阱结构近紫外 LED。选区采集 CL 谱线显示，源于量
子阱的短波长发光峰谱形尖锐，谱峰随着结构变化的趋势与理论计算预测的相同，
易于调控。XRD 谱线呈现清晰轮廓分明的卫星峰，佐证了在 LED 结构中实现陡峭
界面和良好周期的可行性。在室温下成功地获得峰值能量分别为 3.14 和 3.18 eV 的
近紫外电致发光，且主峰单色性好。表明了以应变超薄 InN/GaN 量子阱作为有源





















Semiconductor materials and devices have been well developed nowadays. 
III-nitrides and their ternary alloys have emerged as the most promising candidates in 
short-wavelength, high power, and high efficiency devices due to their adjustable direct 
band gap ranging from 6.2 to 0.7 eV. The advances in the III-nitrides have been scaled 
to few nanometers for quantum well (QW) and superlattice (SL) structure fabrications. 
Nonetheless, the strain effects within the quantum structures it is still lag behind. 
Therefore, the study on the strained quantum structures and their property modifications 
will allow new physical understanding and facilitate the launch of the next generation of 
optoelectronic devices. 
In this thesis, we aimed to understand the strain effects within the III nitride-based 
quantum structures by investigations of GaN/AlN SLs and InN/GaN QWs. The 
GaN/AlN SLs have been proposed to realize the optical isotropy modification. The 
dielectric function //2  polarized parallel to c axis was found to approach the 
perpendicular one 2  with a close absorption threshold in thin wells. This property is 
attributed to the VBM is shared by the hybrized pz and px + py states. The designed 
GaN/AlN SLs were grown on an AlN template with a AlN buffer layer by 
metal-organic vapor phase epitaxy (MOVPE), using pulse atomic layer epitaxy, and 
growth interruption technique. By measuring the ellipsometry spectra around the 
Brewster angle, it is demonstrated that the band ordering has reversed and the isotropy 
has been achieved in the thin wells, which essentially agrees with ab intio preditions. 
This highlights the point that GaN/AlN SLs can serve as an advantageous alternative to 
the currently used Al-rich AlGaN based optoelectronic devices in deep UV region. 
Taking the advantages of strain and composition, we propose the ultrathin 
InN/GaN quantum wells to be substantially free from phase separation and composition 















varying the well and barrier thickness. This method is effective to influence the 
electronic structures according to the position-dependent DOSs calculated by ab initio 
simulations. The band gap and the band bending of the well decrease as increasing the 
well width, whereas are enhanced with increase of the barrier thickness. The coherence 
and strain variation heterostructures grown by MOVPE are proved to be achieved 
through high resolution transmission electron microscopy and X-ray diffraction 
characterizations. The step //2  characterized by spectroscopic ellipsometry shows that 
the number and the energy difference of electronic transitions between quantum levels 
basically agrees well with the calculation, which further supports the well-formed QWs 
structure. 
The quest for application has led to the application of the ultra-thin InN/GaN 
quantum wells as the active layer of the light emitting diode. Remarkable emission in 
short wavelength region of 3.14 ~ 3.18 eV without other parastitic emission is observed 
and shift in the trend of the simulated band gap variation by cathodoluminescence 
measurement. The results confirm that the strained quantum wells have advantages on 
phase separation suppression and band structures engineering in short wavelength 
region. The well-defined satellite peaks in X-ray diffraction indicate abrupt interfaces 
and good layer periodicity of the quantum wells. The near-UV emission was found to be 
stable even under high injection-current in contrast to the conventional InGaN based 
light emitting diode. This behavior indicates effective avoidance of the redshift related 
to the many body and the joule heating effects as well as the blueshift induced by band 
filling effect, the localized states in the barrier, and the screening of the quantum 
confined stark effect. The realization of the near-UV light emitting diodes using the 
ultra-thin InN/GaN QWs would facilitate the application of near-UV solid-state lighting 
source. 
Keywords: III-nitride semiconductors; Strain modification; MOVPE technique; p-type 
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半导体材料的发展可以回溯到 1940 年，用真空熔炼方法拉制多晶 Si 棒。在材




现。1950 年，W. Shockley 开发出双极晶体管（Bipolar Junction Transistor）。这种
目前仍通行的标准的晶体管对制备收音机和电话机而言已经足够，但是在功能强
大的电子设备需求推动下，晶体管数目不断增多，器件规格日益减小，从而产生








能量的载体，逐渐成为现代信息传递的主要形式。Si 和 Ge 半导体作为 重要的微
电子材料具有很好的电子特性和易加工特性，但其间接带隙特性制约了在光电技

















1962 年，N. Holonyak Jr 在 GaAs 基体上使用磷化物发明了第一个基于 pn 结的
红光 LED，波长 650 nm，在驱动电流为 20 mA 时，输出光通量大约为 0.1 lm/W[4]，
他也因此被誉为 LED 之父。到 70 年代，引入元素 In 和 N，使 LED 产生绿光（555 
nm）、黄光（590 nm）以及橙光（610 nm）；1970 年，前苏联的 Alferov 和美国的















1.2 III 族氮化物半导体材料特性 
III 族氮化物成员囊括 GaN、InN 及 AlN，具有三种基本结构：岩盐矿、闪锌
矿以及纤锌矿结构，在常温常压下的稳定相为纤锌矿。从微观层面观察，理想的
纤锌矿是一个六方晶胞，具有两个独立的晶格常数 a 和 c，二者比率 c/a = 8/3 = 
1.633。面内基矢 a 之间的夹角为 120°，a 与 c 之间的夹角为 90°。根据晶体点阵分
类，属六角晶系，空间群为 46vC 或 p63mc。III 族原子和 N 原子各自组成一个六方























集中在离子上。图 1.2（b）是 GaN 的（11-20）面差分电荷密度图。由图可见，虽




（a） （b） （c） 
 






















沿[0001]方向观察，纤锌矿结构由一系列 III 族原子层和 N 原子层构成的双原
子层堆积而成，每一个原子层都是一个{0001}晶面，它的{0001}面规则地按…
ABAB…顺序堆积，密排面是{0001}，如图 1.1 所示。晶格排列缺乏反演对称性，
和 III 族氮化物的离子化结合，电荷呈现非对称性，导致 III 族氮化物自发极化与
压电效应非常突出，沿<0001>方向有很大的自发极化和压电系数系数，并存在两
个不等价面：Al/Ga/In 极性面，用（0001）面表示；N 极性面，用（000-1）面表
示。这种极化分布使得 Al/Ga/In 面和 N 面具有不同的物理和化学性质，内在的极
化场影响着薄膜的光学性质、电学性质、热稳定性和杂质的掺入。 为显著的特
征是，III 族氮化物晶体中（0001）面在平衡状态下是光滑面，薄膜在生长过程中
有强烈的 c 轴择优取向特性。 
实际上，极化场的存在，是纤锌矿结构晶体各向异性的一种反映。根据对称





















 ij ， (1.1) 




导带结构和价带结构可以看到，闪锌矿中的三重态 15 分裂成 6 双重态和 1 单态，
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